Impact statement miR-34a can alleviate SANFH through targeting Tgif2 and further regulating OPG/ RANK/RANKL signaling pathway, which can be used as a new theoretical basis for SANFH treatment.
Introduction
Steroid-induced avascular necrosis of the femoral head (SANFH), a common nontraumatic osteonecrosis, 1 mainly includes necrosis of bone trabecula or marrow induced by a long-term history of using glucocorticoid. 2 Clinically, SANFH is characterized by hip discomfort, pain, activity limitation, limp and shortening of lower limbs. 3 Already proposed direct and indirect pathological mechanisms include apoptosis, inhibit formation of osteoblast and their precursors, vascular endothelial dysfunction, enhanced activity of coagulation, enhance production of ROS, inhibition of angiogenesis and increase adipocytes. 4 Various therapeutic procedures have been implemented; however, most of which did not show satisfactory clinical outcomes. Discovery of physiological bone metabolism parameters such as Receptor Activator of Nuclear factor Kappa B (RANK), Receptor Activator of Nuclear factor Kappa Ligand (RANKL) and Osteoprotegerin (OPG) and studies on physiologicaland pathological mechanisms of those provide new targets for the treatment of SANFH. 5, 6 Moreover, microRNA is essential in the formation of bone, indicating that microRNA might be a novel target for skeletal diseases' treatment. 7 MiR-34a can inhibit tumor by participating in proliferation, migration and metastasis of tumor cells. In addition, evidence showed that miR-34a can suppress invasion and metastasis by directly regulating Tgif2 in gastric cancer. 8 As a critical suppressor of osteoclastogenesis, miR-34a regulates bone resorption and the bone metastatic niche by targeting Tgif2, whose deletion may abolish miR-34a regulation. 9, 10 In addition, Tgif2 and RNAKL pathway forms a positive feedback loop: transcription factor induced by RNAKL pathway can enhance activity of Tgif2 and Tgif2 can promote the activity of transduction factor in RNAKL pathway so as to accelerate growth and differentiation of osteoclast. 9 Moreover, previous studies found that OPG, RANK and RNAKL signal pathway plays a vital role in the bone remodeling, among which RANK-RANKL interactions would increase osteoclast proliferation, enhance the activity and viability of osteoclast while OPG, a nature decoy receptor, can suppress the function of RANKL. 11, 12 Interestingly, miR-34a is capable of regulating differentiation from rats' bone marrow stromal cells and from human's peripheral mononuclear cell to osteoclast; 9 therefore, we hypothesizes that miR-34a plays a vital role in SANFH. The present study explored the effects of miR-34a on OPG/RANK/RANKL signal pathway in SANFH using a rat model.
Materials and methods

Ethical statement
Current study was conducted with the approval of the Animal Experimentation Ethics Committee of The Affiliated Hospital of Guizhou Medical University. All efforts were made to minimum the suffering for animals Animals A total of 74 Sprague-Dawley (SD) male rats (12- week-old; 280-320 g) were provided by the Hunan SJA Laboratory Animal Co., Ltd (Hunan, China). All SD rats were grouphoused (two rats/cage), with unlimited access to sterilized food and water in a standard diet. The cages were kept at 22-26 C and 37%-42% humidity on a reverse 12-h light/ dark cycle.
Establishment of SANFH animal models
A total of 16 rats were randomly grouped into the Normal group. Then left 58 rats were used for the establishment of SANFH animal models. After feeding for one week, model rats were weighed and intraperitoneally injected with the lipopolysaccharide (LPS, Escherichia coli 055:B5, Sigma, USA), twice at 24-h intervals with 20 mg/kg each time; 24 h after the injection of the LPS, the rats were intramuscularly injected with methylprednisolone Sodium Succinate (40 mg/kg, Pfizer Pharmaceutical, China) for three times at a 24-h interval. Rats from normal group were intramuscularly injected with normal saline (40 mg/kg), three times at 24 h intervals each time. Six weeks after the final injection, two rats were selected randomly in both normal group and model group, and intraperitoneally injected with 10% hydrated acid. After anesthesia, bilateral femurs were harvested for the histomorphology test to verify whether the model construction is successful.
Animal grouping
Rats in model group were assigned into model control group, negative control group, miR-34a mimics group and miR-34a inhibitors group randomly (14 rats/group). Rats in the flur groups received 40 ul normal saline, 40 ul Negative control (5 0 -UUCUCCGAACGUGUCACGUTT-3 0 ), 40 ul miR-34a mimics (5 0 -UGAGAUGAAGCACUGUAGC UC-3 0 ) and 40 ul miR-34a inhibitors (5 0 -GAGCUACAGUG CUUCAUCUCA-3 0 ) (Sagan Biotech Co., Ltd., Shanghai, China) by intra-bone marrow injection, separately. After being fed for four weeks, rats were sacrificed randomly. The bilateral femoral head samples were collected and embedded in 10% paraffin.
Sample collection
Based on rats' weight, they were intraperitoneally injected with 10% hydrated acid (4 ml/kg). After being successfully narcotized, rats were open cut along their abdominal cavity, and then their veins exposed; 7-8 ml blood sample was taken in tubes with heparin, centrifuged for 15 min at 3000 r/min. Then the upper serum (erythrocyte were excluded) was collected and stored at À20 C by classification. After that, rat's abdomen was exposed and their lower limbs were cut off to separate the soft tissue along the femur, followed by opening the joint capsule. After that, with greater trochanter as incision, ligaments and tissue around femoral head was detached from outside to inside, from downside to upside, and then rongeur was used to sever femoral head at the neck of femur to take out bilateral femurs. Then the bilateral femurs of all rats were placed into foam box with liquid nitrogen and then were assigned into two parts: the first part was placed in a À80 C cryogenic freezer, and the other part was embedded in paraffin.
Micro-CT scan
The micro-CT diagnosis is finished by Institute of Laboratory Animal Science, Chinese. The scanning was performed by Inveon micro PET/CT manufactured by Siemens (Berlin, Germany; 60 kV, 400 uA). Samples (31.25 mm thick) were scanned in a spatial resolution of 10 mm. Inveon analysis workstation was applied for 3D reconstruction analysis. The micro CT scan was performed on a 5 cm proximal end of the femurs. After that, the Bone volume/ Total volume (BV/TV), Bone surface area/Bone volume (BS/BV), Trabecular thickness (Tb.Th) and Trabecular number (Tb.N) were computed by the workstation.
Hematoxylin-eosin (HE) staining
Rats' fresh femoral heads were taken and open cut along coronal plane. The femur specimens were firstly fixed in 4% poly formaldehyde for 36 h and then transferred into solution with 4% paraformaldehyde ethylenediaminetetraacetic acid (EDTA). Two months later, samples were cut into about pieces of 1.0 cm 3 when there is no resistance for a pin to stab into femoral head. After decalcification, the tissues were dehydrated in graded ethanol and cleared in xylene, followed by being embedded in paraffin and cut into sections (4 mm thick). The sections went dewaxed with xylene, dehydrated by gradient ethanol and stained by hematoxylin for 5 min. Slides were washed briefly in distilled water at 40 C for 10 s, differentiated in HCl-ethanol for 30 s, stained by eosin for 2 min, dehydrated by gradient alcohol and transparentized by xylene. Afterwards, neutral balsam was used to mount the samples. The histopathological changes were observed under an optical microscope at Â200 magnifications.
Quantitative reverse transcription-polymerase chain reaction (qRT-PCR)
Total RNA was extracted using Trizol one-step method (Thermo Fisher Scientific Inc., USA). The RNA was dissolved by ultrapure water with diethylpyrocarbonate (DEPC). Subsequently, the concentration and purity of the RNA were confirmed by measuring absorbance at 260 nm and 280 nm with ND-1000 UV/VIS spectrometer (Nanodrop, USA). The RNA was reversed transcribed according to mammal cDNA synthesis kit (Fermentas, USA), and the reaction conditions were the following: 70 C for 10 min, ice bath for 2 min, 42 C for 60 min and 70 C for 10 min. The cDNA was stored at À80 C before use. qRT-PCR was performed to detect the samples' mRNA expressions of Runx2, OPN (Osteopontin), OC (Osteocalcin), Tgif2 and osteoprotegerin osteoclast differentiation factor/receptor Activator of NF-Kappa B/ receptor of activator of NF KB ligand (OPG/RANK/RANKL), and qRT-PCR mixture was purchased from Thermo Fisher Scientific Inc (Table 1) . miR-34a reaction conditions were as follow: 40 cycles: 95 C pre-denaturation for 30 s, 95 C denaturation for 10 s and 60 C annealing for 20 s, then 72 C extension for 10 s. Other mRNA reaction condition was as follow: 40 cycles: 95 C pre-denaturation for 30 s, 95 C denaturation for 10 s and 60 C annealing for 20 s, then 72 C extension for 30 s. Specificity of amplified reaction was detected and analyzed by solubility curve. qRT-PCR was performed with iQ5, Bio-Rad, USA. The expression of miR-34a was normalized with U6 as internal reference, and in case of expressions of other target genes, b-actin acted as internal reference. All data were calculated using the comparative CT (ÁÁCT) method, and the equation 2 ÀÁÁCt was adopted to calculate relative expressions of target genes. Each specimen would be repeated for three times.
Western blotting
The femoral heads were lysed in RIPA buffer and then centrifuged for 30 min at 12,000 r/min at 4 C. The supernatant, which is the extracted total cellular protein, was collected and added with 1ÂSDS (sodium dodecyl sulfate, sodium salt) loading buffer; 20 ml supernatant was taken and electrophoresed by 12% SDS-PAGE, then transferred onto a polyvinylidene fluoride membrane and blocked with PBS-T with 5% BSA at room-temperature for 1 h. The sealed liquid was washed, and membrane was placed into a plastic groove; 5% BSA was added to prepare corresponding concentrations of Runx2, OPN, OC, Tgif2, OPG, RANK, RANKL and b-actin antibodies (Cell Signaling Technology, Inc., USA) at 4 C overnight. On the next day, membranes were then washed with TBST (10 min Â 3 times) and incubated with the second antibody (Abcam plc., UK) at 4 C for 4-6 h. After incubation, the membranes were washed with TBST (15 min Â 3 times) and then developed by the horseradish peroxidase ECL equipment (solution A and B were mixed at 1: 1 by V/V). After development, all the Western blotting bands were analyzed for their relative optical density.
Dual-luciferase reporter gene assay
The online miRNA target predication platform Targetscan (http://www.targetscan.org/) was used to screen the target gene of miR-34a, and to predict the 3 0 -UTR binding site of miR-34a and Tgif2. On the basis of the predicted binding site, Tgif2's 3 0 -UTR promoter sequence containing miR-34a binding site was synthesized and pGL-control carrier (Promega (Beijing) Biotech Co., Ltd., USA), KpnI site and BglII site were inserted. 3 0 -UTR wild plasmid of Tgif2 was contracted and named pGL3-Tgif2-WT. Meanwhile, 3 0 -UTR mutation plasmid of Tgif2 with miR-34a mutated binding site was constructed. HEK293 cells in good condition was cultured and inoculated into 24-well plate (1 Â 10 6 cells per well). In each well, 500 mL absolute RPMI 1640 substrate was added and them the plate was placed back into the incubator. The cells were cultured in a 37 C, 5% CO 2 incubator. When cells grew into the concentration of 85%, transfection was conducted with Lipofectamine 2000 (Sigma-Aldrich Co. LLC., USA), and all the operations were in strict accordance with construction of the reagent kit. In term of the transfection, four groups were divided: cells were transfected with respectively pGL3-Tgif2-WT and miR-34a mimics, pGL3-Tgif2-WT and miR-34a negative control, pGL3-Tgif2-MUT and miR-34a mimics and pGL3-Tgif2-MUT and miR-34a negative control. In each group, there was pGL3-Tgif2-WT/pGL3-Tgif2-MUT (100 ng), miR-34a mimics (50 ng) and miR-34a negative control (50 ng); 24 h after the transfection, cells were taken out of the incubator and rinsed with PBS. Then 100 mL cell lysis buffer (Beyotime Biotechnology Institution, Shanghai, China) was added into each well, and the plate was shaken until cells were fully disassociated. And at that time, the cell lysis buffer was transferred into 1.5 mL centrifuge tube to centrifuge the cells at 12000 r/min for 20 min. After that, the supernatant was taken to testify the relative activity of luciferase using Dual-luciferase kit. And the above experiment was repeated for three times.
Statistical analysis
The statistical analyses were conducted with SPSS 21.0(IBM SPSS Statistics, IBM Corporation). All experiments were calculated by means AE standard deviations. Multiple sets of data were analyzed using One-way ANOVA. Differences between groups were analyzed using t-test. Correlation between the parameter was performed by Pearson correlation analysis. Statistical significance was set when P value was less than 0.05.
Results
Model establishment and sample handling
In the molding process, rats in normal group had suitable hair, healthy body, frequent eating and drinking behavior, good state of mind and sensitive reaction; When being caught, they were alive without abnormal urinary and bowel elimination and with smooth articular surface of femoral head, clean cartilage, strong, hard and elastic bone. However, rats in the model group are gradually lighter were thinner with thinner subcutaneous fat layer; the water and food intake also decreased dramatically; the coat color was dark and mess, accompanied by increased hair removal; rats became pathetic and easily frightened; hind limbs were weak and some rats showed slight limp; stools were dry or loose; the cartilage was dark without gloss; bone was fragile and prone to divorced from surrounding tissue.
The condition of femoral head of rats in the normal and model groups
The micro-CT results showed that the normal shape of the bilateral femoral was observed in normal group and cartilage surface was smooth and thick, while the trabecular bone arranged regularly and compactly. On the contrary, in model group, there were irregular shape of the bilateral femoral head with necrosis and cystolization of the subchondral bone and sparse changes of trabecular bone. According to software quantitative analysis, Table 2 showed the parameter of trabecular in cancellous bone within the unit volume of the center of the femoral head. The BV/TV, BS/BV, and Tb.N in model group were significantly lower than those of in normal group (all P < 0.05), while no significant difference in Tb.Th was noticed between the two groups.
Pathologic morphology of rats in the normal and model groups
The femoral head was cut into slices and stained with hematoxylin-eosin ( Figure 1 ). In the femoral head slices in normal group, there were smooth surface of cartilage, clear shape, even thickness, normal number, and rich blood vessels, rich hematopoietic cells in cancellous bone; besides, there were complete tidemarks, normal joint between calcification zone and bone trabecula with intact, regularly arranged, compacted and clear-structure bone trabecula; also, in bone cortex and trabecula, osteocyte was clearly seen with empty lacuna occasionally observed. In the slices of model group, cartilage became rough on its surface, thinner in its thickness, with parts of cartilage surface falling off, showing as uneven as steps. In bone trabecula, there were less hematopoietic cells, extended fat cells and disordered structure; besides, the discrete or even disappeared tidemarks were observed, and even, trabecula turned thinner, cracked or disappeared. In bone cortex and bone trabecula, there were a large number of osteocyte and bone matrix reduced or disappeared with a cloud of necrotic cells and more empty lacunas than normal group. Figure 2 . Compared to those in the normal group, Tgif2, RANK and RANKL mRNA expressions in the Model group were significantly increased, while miR-34a and OPG mRNA expressions were significantly decreased (P < 0.05). After analysis by the Pearson correlation, it was showed that miR-34a and Tgif2 mRNA expressions were correlated negatively, r (Pearson correlation coefficient) ¼ À0.685 (P < 0.001); miR-34a and OPG mRNA expressions assumed the intermediately positive correlation, r ¼ 0.505 (P < 0.001); Tgif2 mRNA expression was negatively correlated with OPG mRNA expression, r ¼ 0.550 (P < 0.001); Tgif2 mRNA expression was positively correlated to RANK mRNA expression moderately, r ¼ 0.423 (P < 0.001); Tgif2 and RANKL mRNA expression had a moderate positive correlation, r ¼ 0.598 (P < 0.001).
BV/TV, BS/BV, Tb.Th and Tb.N among the normal control, model control, negative control, miR-34a mimics and miR-34a inhibitor groups
By the standard of micro CT, normal group shows even cartilage surface and that trabecular bone arranged regularly and compactly. In model control group, irregular shape of the bilateral femoral head, sparse trabecular bone, and thinner cartilage surface was shown. In model control group, femoral head was flat in company with cystic degeneration and parentally sparse trabecular bone. miR-34a mimics group showed normal shape of femoral head, dense trabecular bone without obvious cystic change.
Results of negative control group were between those of mimics and inhibitors group, similar to those of the model group. Software was used to quantify parameters of trabecular in the cancellous bone within the unit volume of the center of the femoral head ( Morphology changes among the normal control, model control, negative control, miR-34a mimics and miR-34a inhibitor groups
The femoral head of rats in each group was stained with hematoxylin-eosin ( Figure 3 ). In normal control group, the articular cartilage surface was found to be smooth and clean, articular cartilage matrix was rich and the number of isogenous chondrocytes was normal. The bone trabeculae were regularly arranged, with complete structure, clearly visible osteocytes and a few empty lacunaes. In the femoral head slices in model control group, the osseous trabecular was scattered or even fractured with disordered structure and fragmentation. Furthermore, the number of empty bone lacunae notably increased; spots-like necrosis of bone marrow and fibrous hyperplasia appeared. In the negative control group, the number of isogenous chondrocyte and articular cartilage matrix was decreased. The osseous trabecular was broken and a lot of empty lacunae were found. In the miR-34a inhibitors group slices, necrosis of cartilage cells was serious with heavy stain; arthrodial cartilage injury was severe and there were lots of necrotic material; tidal line was broken even disappeared; the osseous trabecular became broken and vanished; bone matrix was badly damaged and osteonecrosis of femoral head was exist.
In the femoral head slices of miR-34a mimics group, articular cartilage matrix was low with uneven distributed red presenting; isogenous chondrocytes declined; mounts of bone-like dense connective tissue began to hyperplasia; be rich in vascular or venous sinus with hyperemia; hematopoietic tissue in marrow cavity was less accompanied by lipocytes; the bony trabeculae was sparse and some of them were fractured. Results of samples from each group detected by RT-PCR are presented in Figure 6 . Compared to Tgif2, RANK and RANKL mRNA expressions in the Normal group, those in the other groups were significantly increased; miR-34a and OPG mRNA expressions were obviously decreased (all P < 0.05). In model group, there was no significant difference in expressions of above factors mRNA between negative control and normal control groups (all P > 0.05). Compared to those in the model control group and negative control groups, expressions of miR-34a and OPG mRNA in miR-34a mimics group remarkably increased, while expressions of Tgif2, RANK and RANKL mRNA greatly decreased (all P < 0.05). In miR-34a inhibitors group, expressions of miR-34a and OPG mRNA were lower; however, expressions of Tgif2, RANK and RANKL mRNA were much higher (all P < 0.05). These results indicated that miR-34a may promote expression of OPG mRNA and inhibit expressions of RANK and RANKL mRNA by directly down-regulating Tgif2. The expression of Tgif2, OPG, RANK and RANKL protein in rats' femoral head among the normal control, model control, negative control, miR-34a mimics and miR-34a inhibitor groups
Results of samples from each group were detected by Western blotting (Figure 7) . Compared to the normal control group, the expression of OPG obviously decreased and expressions of Tgif2, RANK and RANKL protein significantly increased in the other groups (normal control, model control, negative control, miR-34a mimics and miR-34a inhibitor groups) (all P < 0.05). In model group, there was no significant difference in expressions of above factors protein between negative control group and model control group (all P > 0.05). Compared to model control group and negative control group, expressions of Tgif2, RANK and RANKL mRNA in miR-34a mimics group were greatly down-regulated, while expressions of OPG were markedly up-regulated (all P < 0.05). In miR-34a inhibitors group, expressions of Tgif2, RANK and RANKL protein were much higher; however, expression of OPG protein were significantly lower (all P < 0.05).
These results indicate that miR-34a may promote OPG protein expression and inhibit RANK and RANKL protein expression by directly down-regulating Tgif2.
Target relationship between miR-34a and Tgif2
After prediction by online miRNAs target gene predicting platform Targetscan (http://www.targetscan.org/), it was found that Tgif2 is one of the target gene of miR-34a, for there was a binding site of miR-34a and 3 0 -UTR of Tgif2 (Figure 8(a) ). According to the result of dualluciferase reporter assay, transfection of pGL3-Tgif2-WT and miR-34a mimics caused lower activity in comparison with miR-34a NC group (P < 0.05). However, relative luciferase activity change was seen after transfection of pGL3-Tgif2-MUT between miR-34a mimics and miR-34a NC groups (Figure 8(b) ). The result was in accordance with prediction on bioinformatics, which further confirmed that miR-34a could bind to base in 3 0 -UTR area of Tgif2, targeting Tgif2.
Discussion
SANFH is a common non-traumatic femoral head necrosis with difficult rehabilitation and poor prognosis, bringing about serious threat to the health and quality of life of patients. 6 A study reported mechanism of miR-34a in osteoporosis and found that miR-34a can affect growth and differentiation of osteoclast and osteoblast by mediating several signal pathways. 13 Therefore, insights into the effects and mechanisms of miR-34a's regulation on OPG/ RANK/RANKL signal pathway by targeting Tgif2 could offer new way to treat SANFH.
In the present study, compared to those in the normal control group, the mRNA and protein expression levels of Tgif2, RANK and RANKL were significantly increased, while the levels of miR-34a and OPG were greatly reduced in the other groups; reverse phenomenon was seen after miR-34a inhibitors interfering with models, implying that regulation pathways of these factors are related to pathological process of femoral head necrosis. OPG, an inhibitor of osteoclast paracrine, is produced by osteoblast. It combines with RANKL to reduce the combination between RANKL and RANK so as to suppress the activation of osteoclast. 14 Therefore, OPG expression is negatively correlated to RANKL and RANK expression. OPG/RANK/ RANKL signaling pathway is vital in bone metabolism. RANKL combines with processors of osteoclast or RANK on its surface, enhances differentiation and activation of osteoclast, and inhibits its apoptosis. While OPG can effectively prevent RANKL and RANK interaction so as to inhibit osteoclast differentiation and promote its apoptosis. 15, 16 Similar studies found that miR-34c can directly target Tgif2 gene and over expression of miR-34c leads to downregulation of Tgif2 after mRNA transcription and at protein translation level. 17 Tgif2 and RNAKL pathway forms a positive feedback loop: transcription factor induced by RNAKL pathway can enhance activity of Tgif2 and Tgif2 can promote the activity of transduction factor in RNAKL pathway so as to accelerate growth and differentiation of osteoclast. 8 Therefore, miR-34a can directly down regulate Tgif2, promote proliferation of osteoblast as well as inhibit transduction of OPG/RANK/RANKL signaling pathway. 8 On the other hand, some studies prove that OPG/RANK/ RANKL signaling pathway takes part in the process of tumor occurrence and tissue specific metastasis in many kinds of cancer. 18, 19 In malignant osteolytic lesion like multiple myeloma, abnormity in regulation of OPG/RANK/ RANKL system or blocked formation of OPG makes OPG fail to counteract bone destruction resulted from up regulation of RANKL expression. 20 In addition, research confirmed that RNA interference blocks specific gene expression through mRNA analogs degradation performed by specific double strand RNA. 21 As a result, miR-34a inhibitors interfere with miR-34a expression, and its effect of regulation on Tgif2 is decreased. So that Tgif2 expression increases, which indirectly affect OPG/RANK/RANKL signaling pathway.
In addition, combined with Micro-CT analysis, we found that compared with that in model control group, rats in miR-34a mimics group showed much higher parameters such as BV/TV and Tb.Th, while rats in miR-34a inhibitors group showed much lower parameters. Reconstruction of bone means that the absorption and formation are always in homeostasis. If the process of bone-resorbing and bone-forming is out of balance, the mass and matrix of bones will become abnormal. 22 If the relative concentration between RANKL and OPG is unbalanced, activity of osteoclast will be enhanced, leading to osteoporosis. 23 According to some relative research, the ratio of OPG/RANKL is an early predictor of increase in bone absorption. So it might be an essential biomarker of bone injury. 24 Therefore, expression of miR-34a may regulate bone cells by downregulate Tgif2 expression.
Apart from the relationship among miR-34a, Tgif2, OPG, RANK and RANKL, the study also indicates that compared to model control group, miR-34a mimics group had increased expression of Runx2, OPN and OC, while the miR-34a mimics group showed the opposite result. Runx2 is a multifunctional transcription factor capable of controling skeletal development by mediating differentiation of osteoblasts and chondrocytes and expressions of many extracellular matrix proteins genes during the differentiation of chondrocyte and osteoblast. 25 In Fan et al.'s 26 study, it was showed that miR-34a could up-regulated the expression of RUNX2 by targeting NOTCH1, RBP2, and CYCLIN D1. OPNt is a prominent component of the mineralized extracellular matrix of bone, 27 and the balance of RANKL/RANK and OPG plays a vital role in isphysiological bone remodeling and osteoclastogenesis modulation. 28 As OPG is a competitive inhibitor of RANK binding to RANKL, 29 the decreased expression of RANK in mimic group may attribute to the increased OPG. In the case of OC, which is related to glucose metabolism, bone metabolism, and fat mass, 30 there is a study showing that knockdown of miR-34b/c enhanced OC mRNA expression; 31 however, the relation between miR-34a and remains unknown, which needs future exploration.
In conclusion, our study confirmed that expression of miR-34a can negatively targeting Tgif2 and may indirectly regulate OPG/RANK/RANKL signaling pathway so as to alleviate SANFH in rats. To better elucidate the mechanism involved, it is required that more well-designed studies are need in future.
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